For several decades, there has been a significant need to better educate the public about noise pollution. A small number of small-scale studies have focused on the sound levels of restaurants and their impact on health and hearing. There have also been an increasing number of media articles stating that eating and drinking venues are getting increasingly loud making it more difficult for people to connect with others in conversation. This study reports on an exploratory large-scale noise survey of sound levels of 2376 restaurants and bars in New York City using a novel smart-phone application and categorized them based on how quiet or loud they were. The results suggest that: 1) A significant number of venues have high sound levels that are not conducive to conversation and may be endangering the health of patrons and employees, 2) that the reported sound levels by the venue managers on their online public business pages generally underestimated actual sound levels, and 3) the average sound levels in restaurants and bars are correlated by neighborhood and type of cuisine.
York City, noise was the number one complaint [34] . Zagat also reported that 72% of New Yorkers actively avoid restaurants that are too loud [35] . In 2015, nearly 80% of 1232 surveyed people in New Orleans said they "loathe" restaurant noise with noise annoying them the most (27%) followed by poor service (24%) [36] . The Speak Easy survey also found that due to venues with loud noise: 1) close to eight out of ten people had left a restaurant, café or bar 2) 79%
had difficulty holding a conversation in such venues, and 3) 91% stated they would not return to such a venue. Even amongst respondents with no hearing loss, 84% said they considered lower noise levels important when deciding where to eat [33] . And an organization in the UK called Pipedown that was formed to campaign for freedom from background music has now expanded to the U.S., Canada, Germany, Austria, Switzerland, Holland and South Africa [37] .
Noise is clearly an important health and quality-of-life issue. The general public could benefit from information about sound levels of a particular venue for both health and the ability to converse with others. Because many may not know specifically which sound levels comprise a quiet or loud auditory environment, they may be unknowingly endangering their health by patronizing an establishment they believe to be quiet but is actually loud.
The advances of smart-phone technology is providing new ways to capture sound levels with digital sound level meters which could become a valuable tool for improving the public's noise pollution awareness [18] . Ideally, a database would be maintained by a local governmental entity and have frequent and recurring precise sound level measurements of long duration for all venues in a city. And similar to the health grades that are prominently displayed on venue windows, a noise grade would enable patrons to know the general sound level of each venue. Unfortunately, this is impractical due to the high costs of labor, equipment and time. While some people do employ a digital sound level meter on their smart phone to take real-time measurements, such data is not collected, aggregated and widely disseminated for public consumption. What is suggested is a method to systematically quantify the noise levels of a large number of venues employing digital sound level meters and making such information easily accessible to the public.
A few studies have attempted to undertake a systematic quantification of restaurant and bar sound levels in an urban environment, but the number of venues measured were rather small using less than 100 restaurants, ranging from
Lebo's study of 27 restaurants in the San Francisco Bay Area in 1994 [38] [13] .
Because these studies were based on a small number of restaurants and were not conducted on a continuing basis, the data collected do not accurately represent current sound levels and do not help people determine which venues are quiet or loud. In addition, such information is not easily accessible to the public. Some online websites that rank or describe restaurants and bars such as Yelp do show a venue's sound levels, but when information is included, it is based on subjective interpretation and reporting by venue managers and/or patrons. Such information may not provide accurate data about sound levels.
This exploratory study is based on an effort to capture the sound level data on a large-scale basis in an urban environment (New York City) using the SoundPrint app ("SoundPrint"), a free digital sound level meter available on the iPhone at no cost to users, that measures, aggregates, categorizes and displays the average sound levels of venues into quiet, moderate, loud or very loud categories on an ongoing basis and is easily accessible to the public.
We believe the public lacks sufficient awareness in determining whether a certain auditory environment is quiet or loud. For most people without digital sound level meters, such determination is merely subjective. If most venues are loud, people may erroneously believe that such noise levels are the "norm" and therefore, acceptable and safe. This study aims to compare people's subjective interpretation and reporting of sound levels to actual quantitative measurements.
Another purpose of this study is to determine whether the recent increase in the number of media articles and qualitative surveys indicating that venues are too loud is true and accurate. In answering this, data from SoundPrint was utilized to explore the following: 1) What percentage of venues in Manhattan are quiet or loud? 2) Are there certain types of venues or venues in certain neighborhoods that are generally quieter or louder than others? And 3) Do managers and/or patrons accurately assess and report the sound levels of these venues?
Methodology

1) Timeline and Geography
The exploratory study was conducted between July 2015 and June 2017 in Manhattan restaurants and bars located between 86 th street and the lower edge of Manhattan, otherwise known as the Financial District. Manhattan was chosen for two reasons. First it has a large number of restaurants and bars in a concentrated area making it easier to carry out the large-scale exploratory survey. And second, for its reputation as one of the noisiest cities worldwide. Note that the collection is still ongoing, but for the purposes of this study, June 2017 is the last month of data analyzed for this report. 2) Venues measured A total of 3137 restaurants and bars were measured at least once for their sound levels. To qualify for inclusion in the analysis, however, each venue had to be measured a minimum of three times during prime days and hours and many were measured more than three times 2, 3 . A total of 2376 restaurants and bars met this minimum requirement for inclusion in this report. Only restaurants that had on-the-premise seating with waiter-based service were included in this analysis; venues that had pick-up-at-the-counter service or no waiters were excluded.
There are several reasons why a venue may not have been measured the minimum three times: a) the venue launched their business after the beginning of the collection stage, thus were not measured at least three times b) the venue was either permanently or temporarily closed (i.e. private event, remodeling, or changed locations), or c) the collector missed the venue when surveying the selected neighborhood or streets.
3) Instrument of measurement
The measurements were conducted with the SoundPrint app, a free digital sound level meter and aggregator available on the iPhone platform. SoundPrint measures dBA with slow response and automates the sound level calibration across different iPhone hardware devices for a more consistent measurement.
The main output is the average dBA (an arithmetic average) as this represents sufficient information for individuals to measure, understand and employ in making decisions about whether to patronize a venue.
To illustrate, the average dBA output is the result of collecting the average dBA of each individual measurement, and averaging across those measurements. The highest number of times a venue was measured was 18. The breakdown of the number of venues measured "x" times is as follows: 
5) Measurement collections
The measurements were collected during prime-time days and hours which included: Wednesdays from 7:00PM-9:00PM, Thursdays from 7:00PM-9:30PM, Fridays from 7:00PM-10:00PM and Saturdays from 7:00PM-10:00PM.
6) Sound level categories
As shown in Table 1 , the data is segmented into four sound level categories: a) An alternative interpretation for the Loud category is that it could represent an auditory environment that is more likely to be conducive to a fun, exciting atmosphere with lively music, lots of people in attendance, and loud conversation or shouting.
In summary, the four sound level categories are: i) 70 dBA or lower (Quiet) ii)
Between 71 -75 dBA (Moderate) iii) Between 76 and 80 dBA (Loud), and iv) 81 dBA or higher (Very Loud).
The presentation of the data in this study is represented as Low, Moderate and
High with the High category separated into two categories, Loud and Very Loud.
The High category reflects the sound level threshold above 76 dBA and, as the dBA level increases, the likelihood of incurring noise-induced hearing loss increases and the ability to converse with others becomes more difficult.
7) Restaurant classifications
The analysis also categorizes restaurants by various classifications that include user ratings, cost, ambience and type of cuisine. This information was gleamed from each venues' business listing on the Yelp website ("Yelp") which displays the aforementioned variables. Quiet or Average, then it was marked as "Mismatched."
9) Limitations
There are several limitations to this exploratory study. First, the SoundPrint digital sound level meter app was used rather than a highly advanced sound level measuring instrument. Although SoundPrint provides a reasonable approximate measurement of the sound level, it is not sufficiently accurate for legally-based measurements. Second, only one variable, the average dBA was measured and aggregated as other variables that could provide additional insight such as minimum or maximum sound levels, occupational density and/or reverberation or other room characteristics such as clarity were not measured. Third, the length of the recordings is typically shorter than the measurements conducted in prior restaurant noise studies. This was due to the restrictive timeframe for primetime days and hours, the large number of venues needed for measurement at least three times and the limited amount of human resources to complete the measurements.
Fourth, there is no uniform recording length for each submission as the length of the recording varies since it the user's decision as to when to stop each recording, despite there being a minimum 15 seconds. The vast majority of submissions were under one minute. Fifth, due to the nature of the app being a crowdsourcing app and despite giving instructions to collectors and users, there is not a verifiable way to ensure they followed precise instructions (i.e. record from the center of the room, ensure at least three feet of space in a 360 degree angle) during their measurements. Additionally, the resulting average sound levels for a particular venue could differ from the sound levels during other times on the same day. It is possible that a collector took a measurement of a venue that was quieter or louder at a specific time and then an hour later the venue produces a louder or quieter sound level that may be more typical for the venue.
Data
In general, Tables 2-4 show the percentage breakdown of venues by sound level categories. Tables 5-8 show the average sound level of restaurants by various segments such as User Ratings, Cost, Ambience, and Cuisine Type. Table 9 represents the percentage breakdown of correct assessments and reporting by managers and/or patrons, as gleaned from the venue's Yelp business listing.
In detail, Table 2 and Table 3 show the percentage breakdown by sound level categories of "All Restaurants" and "Mainstream Restaurants." The tables also
show the breakdown by neighborhood to enable comparisons between different areas in Manhattan. Table 2 represents all the restaurant venues in the study. The study analyzed restaurants that had waiter-based service and on-the-premise dining for patrons. However, some of these restaurants also offered takeout and delivery options and generated much of their revenue from one of these two options. It became evident to collectors that these restaurants were often either relatively empty or had minimal patrons dining on the premises, which meant the sound level often measured as Quiet. 
Results
1) Restaurants
For restaurants, as shown in Table 2 
3) Bars
For bars, as shown in Table 4 , 2% are Quiet, 8% are Moderate and 90% are High with 31% being Loud and 60% Very Loud. The average sound level for all bars was 81 dBA. Segmenting the data into neighborhoods shows a similar pattern consistent with the restaurant data as the same neighborhoods tend to have higher sound levels than their uptown brethren above 34 th Street.
4) Restaurants by Cost, User Ratings, Ambience and Cuisine
For restaurants segmented by User Ratings, as shown in Table 5 , a positive correlation was found between sound levels and User Ratings, and while statistically significant at the p<0.01 level, the relationship is not strong (R = 0.093).
For restaurants segmented by Cost, as shown in Table 6 , there was no statistically significant relationship found between the price of a venue and the average sound level experienced. For restaurants segmented by Ambience, as shown in Table 7 , the different ambiences are associated with differences in sound levels, 6 Throughout this analysis, percentages may not add to 100% due to rounding. For restaurants segmented by Cuisine, as shown in Table 8 , the different cuisine types were found to have statistically significant differences in measured sound level. An ANOVA test conducted with the different cuisine groups was found to be highly significant (p = 0.000). Indian (73 dBA), Chinese (73 dBA), Vietnamese (73 dBA) and Japanese (74 dBA) restaurants comprise the relatively quieter restaurants compared to the Mexican (80 dBA), Latin (79 dBA), American (79 dBA), Spanish (79 dBA), Korean (78 dBA) and Mediterranean (77 dBA) restaurants.
5) Manager's assessment and reporting of sound levels
For the Quiet venues, as shown in A venue employee's hearing health could be in serious jeopardy since This data could assist people by informing them of the neighborhoods that have quieter or noisier restaurants and bars based on their sound level preference and could be a deciding factor in choosing which neighborhood to live in.
Discussion
The data could also assist local governance in Manhattan, notably the community boards that represent certain districts and recommend various policies to government agencies. These community boards now have access to data that, should they deem it an important health issue, could help them undertake and direct noise pollution awareness efforts. Table 5 suggests that High user-rated restaurants are louder than Average user-rated restaurants which are higher than Low user-rated restaurants. This is not surprising as one may expect that more people attend higher rated restaurants but without accounting for occupational density, this cannot be truly tested. The statistical correlation between the two factors can only account for approximately 9% of the variation in the sound level, so the relationship is not strong. Table 6 suggests that Average priced restaurants tend to be louder than Moderate, Expensive and Cheap restaurants. We hypothesize that more people patronize an Average priced restaurant compared to a Moderate or Expensive one and hence such restaurants are more crowded. However, when a statistical correlation was run, there was no significant relationship found. be relying on such subjective interpretation, they may be unknowingly placing themselves in Loud or Very Loud auditory environments they believe to be Quiet or Moderate which could be dangerous to their hearing health.
4) User Ratings, Cost and Ambience trends
7) Sound level trends over time-to be determined
There appears to be an increase in the sound levels of restaurants over the past 10 years as noted by the number of articles in the media, qualitative surveys and anecdotal comments about the so-called "increasing din" of restaurants. Thus, it would be beneficial to quantifiably gauge whether restaurants are actually getting louder over time. Because this is the first exploratory study, we cannot determine trends or make comparisons at this time. However, we aim to collect additional data and conduct comparative analyses to this study's data on an annual or biennial basis in the future.
Conclusion and Recommendations
In this exploratory study, the data suggests that the increasing number of media Furthermore, the sound levels of venues in New York City tend to be correlated with certain neighborhoods, possibly as a reflection of the venues in that neighborhood that attract a certain demographic. The sound levels also tend to be correlated with types of ethnic cuisines, possibly reflecting certain cultural preferences for the type of dining experience that appeal to the venue owners and patrons. Further investigation is needed to support these findings, notably by conducting measurements using precision sound level meters, measuring more variables including minimum and maximum sound levels, occupational density and reverberation, as well as measuring a significantly larger number of restaurants and bars compared to the number measured in the smaller scale noise surveys. The relationship between sound levels and other variables such as a venue's user rating, cost or ambience also need to be explored on a large scale.
The data also suggests that venue managers and patrons are not very accurate in assessing and reporting the actual sound levels of venues-93% of venues that are either Loud or Very Loud by SoundPrint's objective measurements were reportedly mismatched, on a qualitative basis, as either Quiet or Average. This means that people may be patronizing or working in venues that are Loud or Very Loud that they mistakenly believe to be Quiet or Moderate.
Because traditional scientific sound level measurement practices are time and labor-intensive, it has made large-scale collection of sound level data on individual venues difficult. This results in a public today that has lacked accessibility to and knowledge about the sound levels of venues in their neighborhood. Such access is needed to help people determine whether a particular venue is likely to be quiet or loud, whether for social purposes (to be able to have a conversation) or to protect their hearing health. But with the advent of smartphone technology, the public now has the available tools, via digital sound level meters, to collect, crowdsource and create large sets of evidence-based sound level data for researchers, public health agencies and local governments to begin monitoring the effect of noise on hearing health and more effectively raise noise pollution awareness.
